A study has been made of some recent data recorded through the seismic channel of a broad-band vertical quartz accelerometer operating near San Diego, California. Such a study has provided information concerning instrument capabilities for detection of surface waves from small teleseisms and Earth noise levels, including temporal variations. The data suggest that detection thresholds of the same order as those of the highgain long-period installation at Ogdensburg are attainable at a surface site with the quartz instrument. Indications are that an approximate 10db gain in surface wave detection would in general provide high probability of detection (c. 0.85) of m b = 4 earthquakes at distances of -40". In addition, results suggest that noise levels in the range 5-200 s recorded at this site with the accelerometer are comparable to those obtained at other surface sites, and somewhat higher than those obtained at depth for periods longer than about 30s. A study of number of events recorded has demonstrated that nearly half (-47 per cent) of all events reported by the NOAA PDE program were detected.
Introduction
Progress in achieving higher levels of detection of seismic signals with long-and short-period instruments has been made in two important directions in recent years. Traditional instruments have been used together in arrays to increase signal to noise ratios. Secondly, new instruments have been designed with improved characteristics.
One of the most compact, versatile and sensitive of these new instruments is the broad-band quartz torsion accelerometer designed and operated near San Diego . Its characteristic broad band (1 Hz to D.C.) and low noise have made it particularly valuable not only for monitoring seismic signals, but for gaining new information about the Earth through studies of free oscillations of the Earth and Earth tides. Preliminary reports of Earth normal mode data (Block, Dratler & Moore 1970) and teleseismic data (Prothero et al. 1971; recorded by both vertical and horizontal models of such an instrument have demonstrated its high capability for detecting small Earth signals.
The following paper describes recent results of a rather extensive survey of the seismic data produced by an improved version (Block & Dratler 1972 ) of the vertical accelerometer operating at a surface site near San Diego. Investigations into seismic surface wave detection from various regions, variations in noise level at the recording site, as well as general instrument performance in monitoring the seismic band have been carried out, and attempt to provide information concerning both the seismic capabilities of such an instrument and the characteristics of the site. Such studies are of special interest in the problem of effective seismic detection of underground nuclear explosions. Most of the results to be presented will be directed more to the detection aspects of t h s problem (i.e. the detection of small, distant seismic disturbances regardless of source) rather than to those of discrimination, the reason being that little data on explosions is available for study. This owes to poor recording location (too close to NTS and quite far from Russia) as well as to the sparsity of data during the first half of 1971.
More specifically, results will first be presented concerning detection limits at this site for recording surface waves from different regions. The use of multi-station teleseismic mb values has helped to substantiate the M , us. mb relationship for small magnitudes earthquakes (mb = 4 to m b = 53) recorded from different regions and has enabled body wave detection capabilities to be estimated. Achievement of slightly lower thresholds through the simple use of digital filtering to improve signal to noise ratios is demonstrated.
Since detection levels are ultimately determined by background noise levels, the noise characteristics at our site are described at some length. Both spectral characteristics with estimates of absolute levels, and temporal behaviour over a period of six months are presented. Long-period vertical noise spectra observed recently at several other shallow sites in differing regions of the world appear to have the same general shape and amplitude as that observed here though microseisms vary considerably (Murphy et al. 1972 ).
Finally, a discussion of the statistics of detection (i.e. how many events were or were not recorded and from what regions) is presented based on a visual analysis of several months of data.
The instrument
Designed as a low noise, low drift, broad-band instrument, the quartz accelerometer uses a quartz fibre in torsion with capacitive position sensing, and phase sensitive detection (Dratler 1971 ). For geophysical and seismic observations its flat response has been modified by three active analogue filters called prefilters which respond preferentially to tides, free oscillations, and teleseisms (see Fig. 1 ). Continuous recordings are typically made from all three filters which consequently allows simultaneous investigations to be made. All the data analysed in this paper are raw data as seen through the seismic prefilter. The response of this filter shown in Fig. 2 has been designed as an optimum filter for seeing small magnitude earthquakes in a spectral region where the ground noise is minimal, between 20-and 40-s periods. It is similar in shape to that used by Pomeroy et al. 1969 .
Characteristics of this instrument of particular interest in the seismic detection problem are: (a) its internal environmental control (temperature and pressure) which allows for freedom of installation without elaborate vault preparations, (b) its compact design (8 inches in outer diameter) thus making it suitable for deployment in bore holes, (c) its low drift rate, and (d) its low ambient plus instrumental noise, which at this site averaged around 1 x g2/cph) at the noise minimum during February and March 1971.
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Data
During the first six months of this year, an improved version of the wide band vertical accelerometer has been operating almost continuously at a surface site near San Diego (32.9" N, 117.1" W), monitoring among other things seismic events from all parts of the world. The surface site at Elliot field station (vault depth of -loft) though rather noisy at high seismic frequencies (above 1 Hz) due to local environmental noise, is quiet at lower frequencies. The instrument has been designed so that no appreciable amount of high frequency energy is coupled down to lower frequencies and tests have been made which confirm this. Data has been directly digitized at l-s intervals so as to provide flexibility and speed in data reduction as well as a large dynamic range of well over 10 000 for our recording system allowing one to analyse signals which would otherwise not be visible.
In order to provide information concerning detection thresholds for various regions and M , vs. m b relationships for small magnitude earthquakes as recorded at this surface site, an analysis was recently made of all the seismic events recorded by the accelerometer over a period of six months (Jan-June, 1971) from each of six different regions of the world: the Aleutians, Mexico, Central America, Peru, the Greenland Sea, and the East Pacific Rise. Excluded from this analysis were those events obscured by the long-period coda of earthquakes (-16 per cent of the time studied) and those by microseism storms (-7 per cent of the time studied), these times being when ' maximum ' peak-to-peak (p2p) 20-s ground motion as observed and estimated through the seismic filter (0.027 Hz) was > 0 . 1 0~ (checks using noise spectra have shown that this estimated ' maximum ' level corresponds to approximately 2.8 times the 20 s r.m.s. spectral level over the seismic filter bandwidth and to approximately 20 per cent above the 99 per cent confidence level observed through a narrow-band filter of width 0.015 Hz and centred at 20 s).
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M, us. m b relations
Surface wave magnitudes based on 20-s amplitudes were determined for those events in which either surface waves were observed visibly at San Diego or the records were available but no signal was observed. In the latter case an upper limit was established by measuring the maximum 20-s noise amplitudes from the analog record in the vicinity of the event arrival times, this Ievel again corresponding to -9db above the r.m.s. spectral amplitude over a 0.027Hz bandwidth. The relation of Gutenberg (1945) M , = log,, A@)+ 1.66 log P + 1.82 was used to obtain the surface wave magnitudes. These M, (20) values, plotted as a function of the multi-station teleseismic PDE m b values and m b values from the LASA array for each of various regions, have provided data on detection threshold capabilities, relative surface wave excitation, as well as regional M, us. m b relationships for earthquakes of low bodywave magnitude (mb = 4 to m b = 5+). Knowledge of the earthquake distribution at small magnitudes is of course vital for determining relative separation of earthquakes and explosions, the latter generating smaller surface waves for a given mb.
Several such figures for different regions are shown in Figs 3-5. On each figure the solid and open symbols represent events for which surface waves were recorded while the plus signs indicate those for which either there was no visible signal or it was not measurable. Lines connect symbols for the same event. Events deeper than 80 km have not been plotted while for those shallower than 65 km no separation by depth has been made since these generally tend to scatter throughout the population anyway (see paper by Evernden et al. 1971) . Maximum p2p noise levels at 20 s measured from our seismic records and corresponding to the levels previously mentioned are typically 40-85 mp, an average level being -60 mp p2p, corresponding on our strip chart records to approximately 1 mm p2p. (Due to our four significant figure digital recorded data, this could be magnified to any size desirable.) The two horizontal lines on each figure are the low noise threshold (60mp p2p) and the high noise threshold (100 mfi p2p) corresponding to surface wave detection and discrimination thresholds respectively. These levels are slightly above equivalent M,(20) values for events with amplitudes corresponding to the low and high noise levels. The reason for this is that the level at which you can say you have detected an event must be somewhat above the noise level. The importance of each of these plots for the general problem of detection of underground nuclear explosions lies in estimates of (a) how low the surface wave and body wave thresholds are for events from various regions, and (b) differences in surface wave excitation for events of a given mb.
A summary of surface wave detection and discrimination thresholds for the quartz instrument along with approximate body wave thresholds is presented in Table 1 . Surface wave thresholds corresponding to high and low noise thresholds, normalized to a distance of 30" are respectively 3.0 and 2.8. The body wave threshholds, taken from a series of figures of the type just presented, correspond to mb's for which there is a high probability of detection of surface waves of shallow focus events from the various regions by visual inspection of the records (0.85 or greater based on the number of events not seen). An evaluation of the additional gain required to attain an equally high probability of detection of mb N 4 earthquakes is also given assuming an M , us. mb slope of 1.0. As average slopes appear to be slightly steeper than this, nearer to 1.3, the indication is that an approximate 10db gain in surface wave detection would in general suffice for high probability of detection (about 0.85) of mb N 4 earthquakes at distances of -40". This is not true, however, in the case of surface waves from Peru.
Similar surface and body wave detection capabilities have been found by the group studying the Ogdensburg seismic records (Evernden et al. 1971) . A comparison of time series as well as noise spectra taken at the two sites (i.e. Elliott and Ogdensburg) show that noise levels near 20 s are typically quite similar (see section on noise) and thus it is not too surprising to find similar detection capabilities. The largest differences in mb thresholds appear to be a result of different levels of surface wave excitation at the two sites for a given mb. A comparison of M , us. mb distributions for the two sites for events from the same region, shows this difference clearly as a shift in the whole distribution at one site relative to the other. For instance, Ogdensburg receives significantly higher surface wave excitations from Central America and Mexico than we do here in San Diego. Such a difference might be due to such an effect as differing typical radiation patterns. Another effect of possible significance especially # for high probability of detection (0.85 or greater, based on # of events not seen at and above given m,)
Gain for A quick look at variations in surface excitation among events from different types of regions suggests another possible effect, that of attenuation of body waves which pass through low velocity zones. In our data much larger surface waves relative to a given mb were recorded from two regions: the East Pacific Rise and the N. Greenland Sea. Also events from the Atlantic Ocean produced larger surface waves than other regions relative to a given mb. Each of these regions is oceanic and possesses low Q zones in which high frequencies are attenuated. The indication is thus that it is important to consider possible effects due to radiation patterns, attenuation, and scattering when attempting detection or discrimination of explosions and earthquakes, This will depend of course on which regions one is receiving the signal from.
Improvements in surface wave detection
Due to the digitally recorded nature of our data with its four significant figure accuracy, it was expected that some improvements in signal to noise ratios and thus thresholds of detection might be made by simple digital filtering. Such a method, though less effective than the more sophisticated methods of data analysis that has been brought to bear, could have some value for use in seismic detection, especially since special devices are now available at reasonable cost that can perform on-line digital filtering.
Figs 6-12 are some computer generated plots of raw and filtered data for a group of very small teleseisms. The top two traces are the raw seismic signal, the second trace being reduced by a factor of four; the vertical scale is convertible to microns of ground motion by Table. 2. It is important to point out here that a previous preliminary investigation (Prothero et al. 1971 ) quoted surface wave magnitudes erroneously high by 0.3Ms units due to an attenuator that was not taken into account at that time.
The last of these figures (Fig. 12) is of particular interest. It shows a presumed explosion at 90" in the Ural Mountains with mb = 5.6. This is one of only two explosions in Russia with mb > 5.6 as listed by the PDE reports during the first six months of 1971, and consequently of sufficient size to be seen at San Diego by our instrument. The small surface wave is quite typical of explosions and it places it within the general explosion population.
Using figures of the above mentioned type, an attempt was made to estimate the relative improvement in surface wave detection. For detection of such small events, the additional factor of coherence of the signal across the different spectral traces, with longer periods arriving slightly sooner, became important as an aid in identification. Such a collection of narrow-band filters at frequencies of greatest signal to noise act essentially as an optimal filter. In general higher signal to noise ratios are apparent at 25-and 30-s periods. Results of an analysis of approximately a dozen small events, as well as additional samples of noise, indicate that events can in general be seen at levels approaching the 99 per cent confidence levels as seen through the 20-s narrow band filter (see filtered signal #4, for example). This of course depends on the signal spectrum which varies significantly. More careful examination showed that average improvements in surface wave detection over that of visual inspection were characteristically slightly less than 0.2 M , units or -3 db. This corresponds to an improvement in mb threshold of only NO.lmb unit, a rather small improvement but very simply made. Table 2 . Table 2 List of jiltered events Not all events of course occur when the noise is low. In fact one of the chief problems in the general seismic detection problem is detecting small events during the coda of a larger event. In this case one must generally resort to using either the focusing power of arrays or the more sophisticated techniques such as chirp filtering. Even with high dynamic range, simple digital filtering will not do the job if the frequencies of the signal one is looking for are not sufficiently different from the background. In cases when the frequency content of the signal is somewhat different, digital filtering can of course be useful (see Fig. 13 ). This would be especially true for events obscured in microseisms.
Noise levels
Since detection thresholds are ultimately determined by the background noise level it is of great interest to know what the levels are and how they vary in time. Until fairly recently little has been known about the nature of long-period Earth noise and its implications for detection of small signals. The high-gain, long-period seismograph operating at Ogdensburg, New Jersey has provided most of the best information over the last couple of years (Savino 1971; Savino et al. 1972) . Similar instruments have recently been operating at several other sites around the world (Murphy et QZ. 1972) . Now data are also available from an improved version of the broad-band vertical quartz accelerometer. In what follows, data on background noise levels recorded through the seismic prefilter of this instrument are presented. Characteristic shape and amplitude of noise spectra as well as typical time series and their corresponding ground amplitudes are shown. In addition, a study of temporal variations in the noise as observed at the San Diego site is made. Results of such an analysis of noise at the surface show noise levels comparable to those presently being obtained at other surface sites (Murphy et al. 1972) and somewhat higher than those measured at depth for periods longer than about 30 s. Such a difference at long periods between surface noise and noise at depth has been pointed out by Savino et al. 1972 .
Early noise measurements and calculations for the quartz accelerometer pointed to very low noise levels obtainable with this instrument, quite near the Brownian limit. Since then further tests concerning possible sources of instrument noise as well as a comparison of instruments made at Ogdensburg have substantiated the low levels achievable. Calculations using appropriate parameters to describe the system (Dratler 1971) show that the Brownian limit of the vertical accelerometer in terms of power spectral density is 2.1 x g2/cph. Such a limit can be lowered if desirable by simply increasing the Q of the system (i.e. decreasing the damping) which in the case of the vertical instrument is 21. By comparison, average estimates of low ambient and instrumental noise for February and March 1971, total slightly less than 1 x g2/cph (1 x p2/Hz) near 30-s periods. The instrument thus operates within a factor of 5 in power of the level due to Brownian motion.
Other principal sources of noise limiting the accelerometer system are (a) the spurious signals in the sensor and prefilter electronics, and (b) fluctuations in the fibre temperature (Dratler 1971) . Sources such as variations in atmospheric pressure and magnetic field which in most other instruments have a significant effect, have very little influence on the quartz accelerometer due to its design.
Reduction in noise from the former two sources is largely a function of effort expended in perfecting the temperature controller and electronic systems. Since these are important factors in the operation of this type of instrument, considerable effort has gone into reducing such effects, with the result that several operational improvements have been made (Block & Dratler 1972) .
Measurements of the full electronic system noise with the drive signal disconnected have been carried out and this noise is shown in fact to contribute less to the seismic background than calculated Brownian noise (Dratler 1971) . At the output of the seismic prefilter the calculated effect of Brownian motion is a fluctuation with an r.m.s. amplitude of 38 mv while the measured electronics noise is only 18 mv r.m.s. This compares to typical background noise levels of around 500 mv p2p. Levels of ternperature induced noise have not been so easily determined but have been significantly reduced in the newer versions of this instrument.
In late 1970 a comparison was made at Ogdensburg between the vertical quartz accelerometer and the high-gain long-period seismometer. Responses of the seismometer and the seismic prefilter of the accelerometer though not identical were very closely matched. Both instruments were deployed at a depth of 185Oft within approximately 20 ft of each other, the Lamont instrument being isolated in a separate pressure chamber. Data obtained in this test show remarkably similar traces at teleseismic frequencies (10-to 50-s periods) with anomalous signals appearing in both records at longer periods. Cross-correlations have shown low coherence at periods greater than about 50 s (Dratler 1971) .
Since that time several improvements have been made in the quartz accelerometer's temperature control system and electronics, which have significantly reduced the background noise level as seen through the seismic prefilter, this having been carried out during operation at our Elliott station. These are discussed by Block & Dratler (1972) . Such tests as those mentioned already coupled with comparison of noise spectra obtained at our site with those found at other sites lead us to believe that the observed noise is largely real ground motion, though at the longer periods this still remains in doubt. The following spectra should be interpreted as constituting an upper limit to long period earth noise.
Spectral characterisitcs
An investigation into the spectral shape and level of the seismic background noise in the period range 5-to 200-s observed at the Elliott field station has been carried out. Data were chosen from different times throughout the months of February, March and April 1971 and after having been inspected for possible transients including earthquakes, were subjected to spectral analysis. Spectra were calculated using the Fast Fourier transform method on raw seismic data sets approximately 34 min long. These were smoothed using a running mean convolution filter to give spectral estimates with 90 per cent confidence limits of -2db, and then corrected for instrument response. Response curves were calculated from the appropriate transfer functions and were found to agree very well with experiment. A rather strong check on the shape of the response curves was achieved by computing spectra from data recorded simultaneously through two different prefilters (i.e. the seismic prefilter and the normal mode prefilter) and correcting these using respective response curves. They were found to be identical over the period range 5-200 s, thus indicating accurate knowledge regarding the response curves over this frequency band. This is quite an important point when one wishes to gain accurate information at frequencies significantly removed from the peak response frequency. Such would be the case, for example, for 10-s energy as seen through this seismic filter.
Fig. 14 shows extreme variations in the intensity of vertical background noise during February and March 1971. The two relatively sharp spectral peaks near 18 and 9 s are caused by the well-known primary and double frequency microseisms (Haubrich, Munk & Snodgrass 1963; Haubrich & McCamy 1969) . The relatively stable minimum for periods between 25 and 35 s, some 14db below the mean level of the 18-s microseism peak, is thought to be a transition zone between the swellgenerated microseisms (Munk, Snodgrass & Tucker 1959 ) and a non-propagating component of ground motion due to atmospheric pressure fluctuations. (Capon 1969; Savino et al. 1972) . This minimum near 30s is of particular importance for detecting small teleseisms due to the increased signal to noise ratios possible and is in fact the reason for shaping the seismic filter response as it is. Finally, an approxi- (1972) . A look at these as well as many other similar spectra show that variations in noise at periods longer than about 2 7 s (about 5db) are much less than those observed at shorter periods. The solid circles also plotted in Fig. 14 are taken from a mean noise spectrum observed at 543 m depth in Ogdensburg while the open circles represent the BruneOliver (1959) mean noise curve. At periods less than 30 s mean levels observed near San Diego appear to be very similar (the March 6 peak at 9 s is high for the six-month period January-June 1971). At the longer periods, however, noise observed by the accelerometer is as much as a factor of 3 greater in amplitude. There are a couple of possible explanations for this. Probably most significant is the difference in depth. Simultaneous observations of surface noise and noise in the mine at Ogdensburg have indicated the higher long-period levels observed near the surface (Savino et al.  1972) . In addition recent data from five high-gain seismograph systems located in different parts of the world including an additional one at depth, suggest relatively higher long-period levels at shallow depth (Murphy et ul.) . Another reason that this might be so is the relative proximity of the Elliott field station (-10 miles) to the coast.
In any such determination of absolute spectral level, accurate gain calibrations are of course a must. Considerable effort has gone into checking the calibration used here, three independent determinations having been made over the last year. The DC gain was first determined by a least squares fit of the theoretical Earth tides to the tidal filter output. Later a tilt calibration was carried out (Dratler 1971) to check the gain, the agreement being approximately 13 per cent. Finally as a third and independent check for any larger errors, I compared amplitudes of signals from large earthquakes recorded on the quartz instrument with those recorded on both a long-period and a short-period instrument located nearby that had been calibrated independently. Results of this latter test concurred with the previous tidal calibration to within roughly 20 per cent, an adequate agreement considering the method. Fig. 15 shows spectra before, during, and towards the end of a microseism storm in February 1971. Rather swift spectral shifts in the peaks from lower to higher frequencies are visible. Again the 30-s minimum is relatively stable. Also plotted are amplitudes for corresponding surface wave magnitudes at 30" as seen through the seismic filter bandwidth. It should be noted here that maximum p2p noise at 20s observed on the analog records will generally be -9 db above the r.m.s. spectral level so that, for example, a detection threshold of 2.8 corresponds to roughly 3 db above the observed ' maximum ' 20-s noise level (one half p2p)-see page 229.
Concerning detection of earthquakes it is clear that higher signal to noise is available near the noise minimum, since earthquakes in general have only slightly smaller amplitudes at 40 s than they do at 30 (Evernden et al. 1971) . This fact, demonstrated by Savino et al. (1972) , by the large numbers of events recorded at Ogdensburg, compared to other systems, is suggested as well by our data.
One further aspect of detection alluded to by the shape of the noise spectrum concerns especially detection of signals with relatively more high frequency energy. The noise minimum occuring between the microseism peaks offers increased signal to noise as well. This region, distinctly less stable than the 30 s minimum (see Figs 15 and 16) has, nevertheless perhaps not been given enough attention with regards to detection and discrimination of earthquakes and explosions. Such a minimum might, for example, be used to detect an explosion that would otherwise remain undetected. A look at corresponding time series for this period is helpful. Fig. 18 shows a selection of raw seismic noise traces approximately one half hour in length accompanied by 20-s narrow-band versions (bandwidth of 0.015Hz) of the same signals. These traces show average high and low 20-s background noise levels for the month of February, the third trace occuring during a microseism storm. Maximum p2p 205 noise levels measured from the narrow-band filter traces, are labelled for each time series.
Temporal variations in noise
A more extensive look at temporal variations in 20-s noise level covering the entire period of operation of the improved quartz instrument during the first six months of 1971, has been taken in order to better understand just how the capability for detecting 20s surface waves changes; i.e. just what are the percentages of time 20-s noise is below a certain level, and for what amounts of time is background noise characterized by earthquake codas capable of obscuring small events or by microseism storms. Such information is of value in assessing the surface wave M,(20) detection capability of an instrument. At the same time this analysis has provided a general look at statistics concerning the continuity of operation of this vertical accelerometer. Figs 19 and 20 show how maximum p2p ground noise at 20 s estimated from the analogue seismic records, has varied over the months of February and March. Estimates were obtained by measuring maximum p2p amplitudes (roughly 99 per cent confidence levels) near 20s over successive windows of roughly half an hour and then using spot checks on spectral slopes to obtain values at 20s. These levels were, as mentioned previously, found to average about 20 per cent above 99 per cent confidence levels seen through the narrow-band filters shown in Fig. 2 . Symbols in the two figures show corresponding r.m.s. 20-s amplitudes from noise spectra over 0-02Hz. The bar and solid circle represent factors of two and three respectively times this 20s r.m.s. amplitude while the vertical bar shows the spread in r.m.s. levels over 18-22 s. As can be seen r.m.s. amplitudes at 20 s are roughly a factor of 3 smaller than maximum p2p 20-s levels measured from the analogue records, in general agreement with the characteristics of a normally distributed random process. Such a model has been used in describing Earth noise (Haubrich & McCamy 1969) . California at the time of each of these periods of microseismic activity. These two differing types of signal are superimposed on an ambient background noise which fluctuates in general between 40 and 85 mp p2p. Gaps in the data are due to a combination of things these, being principally (a) work in and around the vault area, (b) power failures and breakdowns in our own digital system, and (c) electronic saturation due to temperature drift (this instrument was not as well isolated temperature-wise as the first model, and being at the surface thus responds to changing environmental conditions). In addition there are two brief periods of anomalous activity shown as unshaded areas. These correspond to periods when some system noise was acting, probably due to a fault in the temperature controller-an adjustment made shortly thereafter apparently corrected this.
It is of interest to determine the amount of time these differing sources of ' noise ' comprise the background here near San Diego. Table 3 is a description of the noise characteristics covering the first six months of 1971. Listed are times in hours, that maximum p2p 20-s noise as determined from the seismic records (again 2.8 times the 20 s r.m.s. spectral level over 0.027 Hz, or 3.2 times the same level over 0.02 Hz) was 2 100mp due to earthquake codas and microseisms, and time during which it was < 100 mp, this level being selected as slightly above the typical range of ambient noise. As can be seen both earthquake and microseismic activity was greater during the first three months than during the latter, also ambient noise levels during the latter three months were on the average slightly lower. Six month totals show that times when maximum p2p 20-s activity was > 100 mp were occupied by earthquake codas -16 per cent of the time and by microseisms -7 per cent of the time. Some 77 per cent of the time 20-s background noise was less than this. As this six-month period covers both winter and spring months these figures for microseisms and ambient noise are probably fairly typical in general (if anything a little high).
A look at Figs 19 and 20 as well as Table 3 also shows something of the general time and continuity of operation of the system. With essentially very little care given to watching over the system (it was often left unattended for days at a time), the system operated continuously for five of the six months, considerable work on the instrument being carried out during parts of January. Statistics show that over these five months, good analogue data was recorded greater than 80 per cent of the time.
Statistics of detection
Finally it is of interest to assess the general performance of the quartz instrument by looking at the actual numbers of events seen or not seen by visible inspection of the seismic records. Statistics covering all events received by the vertical accelerometer from the major regions within -70" as well as those not received but listed by either the PDE or LASA reports during the first three months of 1971 are presented in Table 4 . Also the numbers of these events obscured in codas and microseisms are listed.
Results show that the single vertical accelerometer operating at a surface site near San Diego detected (by visual inpsection) some 59 per cent of all the events listed in the PDE reports for the same time period and regions considered, and 43 per cent of all events listed by both PDE and LASA. Of the 234 events listed, only 18 (8 per cent) were events that were actually obscured in codas and microseisms in the sense that they were above the detection threshold of the corresponding region. Of these 18, half were aftershocks hidden in a couple of larger Aleutian events. Neglecting these, only 4 per cent of all the events listed by PDE and LASA for regions within 70" were actually obscured in codas and microseisms. Somewhat interesting also, but not surprising, are the 61 events received by the accelerometer near San Diego but not listed in either the PDE or LASA bulletins.
Similar statistics are given for worldwide events received or not received during the same time period in * Jan-Mar 1971 (1263 hr studied, predominantly in Feb. and Mar.) t Noise level when earthquake codas and large microseism storms are absent (-75 per cent of time studied in event analysis) Table 5 Summary of (47 per cent) of all the events reported by the PDE program-this is also the statement made concerning the performance of the high gain installation in the Ogdensburg mine (Savino et al. 1972) . Similar numbers of events were obscured in codas and microseisms (1 1 per cent), many of these being aftershocks.
Conclusions
Investigations have been made of six months of data recorded by a vertical quartz accelerometer in an attempt to provide information concerning the seismic capabilities of this instrument, characteristics of the recording sites and general instrument performance. Important results are:
(1) Low surface wave detection thresholds of the same order as those achieved at the Ogdensburg mine site can be achieved in a simple surface vault located near San Diego using the Block-Moore quartz torsion accelerometer, despite large local high frequency seismic noise.
(2) Results of analysis of noise seen by the accelerometer at such a surface site show mean levels comparable to mean levels obtained in the mine at periods shorter than about 30s, with higher levels at longer periods. Such a behaviour of higher long-period levels at surface sites relative to the shorter periods has been pointed out by Savino et al. 1972 and is also suggested by more recent worldwide data.
(3) A look at M , us. mb relationships for earthquakes of mb < 5 suggests, (a) an average slope of approximately 1.3 roughly parallel to typical explosion populations, and (b) that an approximate 10db gain in surface wave detection would in general provide high probability of detection of mb = 4 earthquakes at distances of -40".
(4) Noise spectra obtained with the accelerometer near San Diego typically have a minimum near 30 s with an average level of approximately 1 x lop3 p2/Hz. The two microseism peaks near 18 and 9 s are typically 15 and 40 db respectively above this minimum, while longer period noise generally rises at -13 db per octave.
(5) Accurate knowledge of the response of the seismic filter plus the large dynamic range of the digital system enable one to obtain accurate broad-band spectra without worrying about large microseismic noise. The large dynamic range has also proved invaluable in the analysis of small signals and improvements in signal to noise ratios.
(6) Twenty second noise levels are significantly above background 20-s noise levels for the time period studied, -16 per cent of the time due to earthquake codas (-7 per cent due to large events with ground motions exceeding 8 microns), and -7 per cent of the time due to microseism storms.
(7) An investigation into numbers of events recorded by the quartz instrument revealed that nearly half (-47 per cent) of all the events reported by the NOAA PDE worldwide program could be detected by visible inspection-a performance similar to this was achieved at the Ogdensburg site (Savino et al. 1972) .
